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Abstract Color enhancement of African rubies with dark red was carried out by the heat treatment and the hydrothermal
treatment method respectively. The heat treatment method brought about an adverse effect causing the color to be
deteriorated. However, the hydrothermal treatment method enhanced its color and clarity. The hydrothermal treatment
conditions for color enhancement of them were as follows: solvent: 0.9 M Na,CO;-1M K,CO,, temperature: 450°C,
duration: 48 hrs, filling: 30 %, pressure: 375 atm. As the results of characteristics for African rubies obtained under these
conditions, it was known that the amount of Cr’*, Fe’", Ti'" was reduced after the hydrothermal treatment from the ICP/MS
and XRF analyses. Also, it was found that the red color from the colorimeter analyses was getting lighter. These results
were con51stent with the PL analysis showing that the intensity of the luminescence peak generated by the electron
transition of Cr’" ion became lower after the hydrothermal treatment compared with the non-treated rubies.
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Fig. 1. A photograph of African rubies (a) non-treated and
(b) heat-treated at 1500°C for 12 hrs in O, gas.

Table 1
XRF analysis results of a non-treated (a) Mong Hsu ruby and (b)
African ruby

Concentration (%)

Transition elements

(a) (b)
Al 98.364 98.271
Si 0.583 <<
Cr 0.721 0.628
Ca << <<
V43 << <<
Ti 0.216 0.484
\ N.D <<
Ga << N.D
Na << <<
Fe 0.116 0.617
Ni << <<
Total 100 100

<< : exists as extremely a few quantities.
N.D : not detected.
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Fig. 2. Optical micrographs of African rubies (a) non-treated and
(b) heat-treated at 1500°C for 12 hrs in O, gas. Arrow indicates
the aggregations of hematite particles.
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Effects of hydrothermal treatment on the degree of color enhancement for African rubies

Hydrothermal solvent ~ Concentration (mol//) ~ Temperature ("C)  Duration (hrs)  Pressure (atm)  Degree of enhancement
HNO; 5 400 48 250 No

9 450 72 375 No
CH,COOH 5 400 48 250 No

9 450 72 375 No
KBrO; 10 400 48 250 No

15 450 72 375 No
H,0, 9 400 48 250 No

14 450 72 375 No
NaBr-Br, 2-0.6 400 48 250 No

2-1.05 450 48 375 Slight

2-2 450 72 375 No
Na,CO,-K,CO, 0.9-1 350 24 125 No

0.9-1 400 48 250 Slight

0.9-1 450 48 375 Good

No : changeless, Slight : overcasted red, Good : clear red.
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Fig. 3. Photographs of African rubies (a) non-treated and (b)
hydrothermally treated at 450°C for 48 hrs in a 0.9 M Na,CO;-
1 M K,CO; solution.
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Fig. 4. Spectral reflectance graphs for African rubies (a) non-

treated, (b) heat-treated at 1500°C for 12 hrs in O, gas and (c)

hydrothermally treated at 450°C for 48 hrs in a Na,CO;-K,CO,
solution.
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Fig. 5. Colorimeter results of African rubies (a) non-treated, (b)
heat-treated at 1500°C for 12 hrs in O, gas and (c) hydrother-
mally treated at 450°C for 48 hrs in a Na,CO;-K,CO; solution.
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Table 3
ICP/MS analysis results of Na,CO;-K,CO; solutions (a) non-
treated and (b) hydrothermally treated at 450°C for 48 hrs

Elements Mass Concentration (ppb)

(@) (b)
Cr 52 77.09 2513.13
Fe 57 354.62 7659.79
Ti 48 N.D 158.35
\% 51 1490.22 18328.02
Ga 69 16.01 128.81

N.D : not detected.
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Fig. 6. XRF spectra of Fe and Cr elements for African rubies

(a) non-treated and (b) hydrothermally treated at 450°C for
48 hrs in a Na,CO;-K,CO; solution.
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Fig. 8. XPS spectra of (a) Si energy region and (b) Ti energy
region for an African ruby hydrothermally treated at 450°C for
48 hrs in a Na,CO,;-K,CO; solution.
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